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Abstract

Background: Colorectal cancer (CRC) is one of the most common causes of cancer-related mortality worldwide. Early diagnosis of this
neoplasm is critical and may reduce patients’ mortality. MicroRNAs are small non-coding RNA molecules whose expression pattern can be
altered in various diseases such as CRC.

Methods: In this study, we evaluated the expression levels of miR-142-3p, miR-26a-5p (their reduced expression in plasma samples
of CRC patients was previously confirmed), miR-4478 and miR-1295-3p (their reduced expression in stool samples of CRC patients was
previously confirmed) in tissue samples of CRC patients in comparison to healthy subjects.

To achieve this purpose, total RNA including small RNA was extracted from 53 CRC and 35 normal subjects’ Formalin-fixed, Paraffin-
embedded (FFPE) tissue samples using the miRNeasy FFPE Mini Kit. The expression levels of these four selected miRNAs were measured
using quantitative Reverse Transcriptase Polymerase Chain Reaction (QRT-PCR).

Results: We found that the expression levels of miR-4478 and miR-1295b-3p (two previously down-regulated fecal miRNAs) were
significantly decreased in FFPE samples of CRC patients compared to healthy controls. On the other hand, no significant differences were
seen in expression levels of miR-142-3p and miR-26a-5p (two previously down-regulated circulating miRNAs) in FFPE samples between
these two groups.

Conclusion: Regarding current findings, it may be concluded that to diagnose CRC patients based on the miRNAs approach, stool
samples are more likely preferable to plasma samples; nevertheless, additional studies with more samples are needed to confirm the

results.
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Introduction

olorectal cancer (CRC) is one of the most common
malignancies with approximately 1.36 million new cases
annually in the world. In men, CRC is the third most
common cancer worldwide after lung and prostate cancer and is
also the second most common malignancy in women after breast
cancer.! During the past two decades, despite all advances in

Authors’ affiliations: 'Digestive Oncology Research Center, Digestive Diseases
Research Institute, Tehran University of Medical Sciences, Tehran, Iran,
*Department of Biology, Science and Research Branch, Islamic Azad University,
Tehran, Iran, *Department of Clinical Biochemistry, Tehran University of Medical
Sciences, Tehran, Iran, “Department of Molecular Medicine and Nanomedicine,
Faculty of Advanced Medical Technologies, Golestan University of Medical
Sciences (GOUMS), Iran, *Department of Microbiology, School of Biology,
College of Science, University of Tehran, 14155-6455, Tehran, Iran, “Metabolic
Disorders Research Center, Golestan University of Medical Sciences, Gorgan,
Iran, 'Gastroenterology and Liver Disease Research Center, Research Institute
for Gastroenterology and Liver Dseases, Shahid Beheshti University of Medical
Sciences, Tehran, Iran, *Infectious Disease Research Center, Golestan University
of Medical Sciences, Gorgan, Iran, *Department of Pathology, Haartman Institute,
Helsinki University, Helsinki, Finland.

*Corresponding author and reprints: Jahanbakhsh Asadi PhD, Metabolic
Disorders Research Center, Golestan University of Medical Sciences, Gorgan,
Iran. Tel: +98-17-3242 1651, E-mail: ja_asadiS2@yahoo.com.

Accepted for publication: 31 August 2016

92 Archives of Iranian Medicine, Volume 20, Number 2, February 2017

chemotherapy and cancer control strategies, the survival rates of
CRC patients have not changed, especially in patients with
metastatic disease.’

Overall, prognosis, response to therapy and survival in patients
with CRC appear to depend on the stage of the tumor at the time
of diagnosis and disease progression.> Most patients are usually
diagnosed when cancer is in its advanced and uncontrollable
stages*; therefore, there is now an urgent need to identify and
explore new biomarkers and reliable CRC diagnostic techniques.

In recent years, there have been numerous studies on micro-
RNAs (miRNAs) and their role in cellular and molecular processes
of live organisms.>”” miRNAs are small RNA molecules with 18
to 22 nucleotides which play an important role in regulating gene
expression.® Previous studies been shown that the expression
of these small RNA molecules is closely associated with the
formation, progression and prognosis of CRC, by affecting
oncogenes and tumor suppressor genes.>!°

Considering the fact that a specific miRNA can simultaneously
regulate the expression of more than 100 mRNA,'" to identify
diagnostic biomarkers, miRNA dysregulation can be more
efficient compared to the expression of their target mRNAs. Small
size and hairpin structure are other advantages of miRNAs that



make them relatively stable, so that during the storage of various
samples as well as samples processing, values of miRNAs remain
almost unchanged.'>!?

Given the necessity of new non-invasive molecular diagnostic
biomarkers for colorectal carcinoma, the present study was
designed to determine which sample (fecal or plasma) is better
matched with dysregulation of miRNAs in CRC tissues. For this
purpose, the expression levels of four specific miRNAs were
analyzed in FFPE samples of CRC patients and neoplasm-free
individuals as controls. These four specific miRNAs were as
follows: “miR-142-3p, miR-26a-5p” and “miR-4478, miR-1295-
3p” whose reduced expression was confirmed by two separate
previous studies,'*"> in plasma and stool samples of CRC patients
compared to normal subjects, respectively.

Material and Methods

Subjects and FFPE samples

At first, a total of 53 patients at different stages of colorectal
carcinoma and 35 healthy individuals as the control group, who
had colonoscopy and had no gastrointestinal disorders, were
selected for this study. After approval of the Digestive Disease
Research Institute (DDRI), Shariati Hospital, Tehran, Iran and
collecting the relevant clinical information, FFPE samples were
obtained from all these CRC patients and normal subjects that
had been preserved between 2012 and 2013. Tumors were staged
after surgery, according to the criteria of Tumor-Node-Metastasis
system (TNM) classification.'®

Patients with a history of gastrointestinal cancer or other
malignancies in themselves or their close relatives were excluded
from the study. Written informed consent was obtained from all
participants for using their FFPE samples in this study.

RNA isolation from FFPE samples

Extraction of total RNA, including miRNAs, from all CRC
and normal subjects’ Formalin-fixed, Paraffin-embedded (FFPE)
tissue samples was carried out using the miRNeasy FFPE Mini
Kit (Qiagen, Valencia, CA) according to the manufacturer’s
instructions.

The concentration and purity of RNA were determined using
NanoDrop-1000 Spectrophotometer (Thermo Fisher Scientific
Inc., Wilmington, DE).
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Moreover, Agilent’s Bioanalyzer (Agilent Technologies, Palo
Alto, CA) was used for checking the quality of extracted total
RNA and miRNA with the RNA 6000 chip and small RNA chip,
respectively.

MIRNA quantification by qRT-PCR and statistical analysis

A set of 53 CRC and 35 healthy individual FFPE samples were
used for miRNA quantification by SYBR-Green based qRT-PCR.
Then, 100 ng of extracted total RNA was reverse transcribed with
the miScript Reverse Transcription Kit (Qiagen, Valencia, CA)
according to the manufacturer’s guidelines.

miRNA expression levels were assessed in duplicate for each
sample by Real-time PCR using the SYBR Green miScript PCR
system (Qiagen, Valencia, CA) according to the manufacturer’s
instructions on Roche Light-cycler, software v.3.5 (Roche
Applied Science, Mannheim, Germany). miRNA amplification
was performed using miRNA-specific and universal primers
(Qiagen, Valencia, CA). A human U6 small nuclear RNA miScript
Primer Assay (Qiagen) was used for normalization of the data
and threshold cycle (Ct) values of 40 or greater were defined as
undetectable.

The relative expression of FFPE tissue miRNA levels was
calculated and compared between patient and control groups
using the 224 method and Relative Expression Software Tool
(REST, version 2009).!7 Statistical analysis and the graphs were
achieved using the GraphPad Prism (V.6) software.

Results

Patients and normal subjects

In the present study, we assessed the expression levels of four
selected microRNAs in tissue samples of 53 CRC patients (stage
I, n = 13; stage II, n = 26; stage III, n = 10; stage IV, n = 4) in
comparison to 35 healthy subjects.

No significant differences were found in terms of age (P-value
= (.741, independent samples #-test) or gender (P-value = 0.534,
chi-square test) between the CRC patients and the control group.
Demographic data of participants enrolled in this study are
summarized in Table 1.

miRNAs expression analysis
An adequate amount of total RNA, including miRNA in FFPE

Table 1. Demographic characteristics of CRC patients and healthy individuals.

CRC patients Healthy subjects

Age 65.42 £9.320 62.09 +9.360
Gender

Male 28 19

Female 25 16
TNM?* stage

I 13

I 26

111 10

v 4
Tumor location

Colon 45

Rectum 8
2*TNM: tumor-node-metastasis staging system
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Figure 1. The expression levels of miR-142-3p and miR-26a-5p in 53 patients with CRC compared to 35 healthy individuals. Expression levels of the
miRNAs were normalized to RNU6B. Data were analyzed using non-parametric Mann-Whitney test; A) miR-142-3p was not different in the patient group

compared to control group (P-value = 0.2); B) miR-26a-5p was not different
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in the patient group compared to the control group (P-value = 0.08).
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Figure 2. The expression levels of miR-4478 and miR-1295b-3p in 53 patients with CRC compared to 35 healthy individuals. Expression levels of the
miRNAs were normalized to RNU6B. Data were analyzed using non-parametric Mann-Whitney test; A) miR-4478 was significantly downregulated in the
patient group compared to the control group (P-value = 0.01); B) miR-1295b-3p was significantly downregulated in the patient group compared to the

control group (P-value = 0.003).

tissue samples of all CRC patients and healthy individuals was
isolated, following the commercial protocols. Subsequently,
after reverse transcription of RNA to ¢cDNA, the expression
levels of previously verified fecal and circulating downregulated
microRNAs (miR-4478, miR-1295-3p, miR-142-3p and miR-
26a-5p) were analyzed in tissue samples of 53 CRC patients and
35 healthy subjects.

According to the results of REST 2009 and GraphPad Prism
software using the Mann—Whitney test, there was no significant
difference for miR-142-3p (P = 0.2) and miR-26a-5p (P = 0.08)
between CRC patient and control group (Figure 1); however,
miR-4478 (P = 0.01) and miR-1295b-3p (P = 0.003) were
downregulated in tissue samples of patients with CRC compared
to the control group samples (Figure 2).

Discussion
Although colorectal cancer mortality rates have decreased due

to advances in diagnosis and treatment during the past three
decades,>'® identifying diagnostic and prognostic biomarkers, as
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well as new targeted therapies for colorectal cancer, seem vital.

Numerous studies have shown that miRNAs are differentially
expressed in cancers and the expression patterns of miRNAs can
be used as a diagnostic or prognostic biomarker for several types
of cancer.'*?

In the case of colorectal carcinoma, it might be possible to use
miRNAs dysregulation as an effective diagnostic and prognostic
biomarker. Furthermore, miRNAs have the potential to be used
as a tool to treat this malignancy in the future. However, further
studies are needed to identify the miRNAs with high specificity
and sensitivity in tissue and other samples such as plasma and
stool.

To our knowledge, similar to our previous study on simultaneous
evaluation of miRNA expression in both CRC plasma and stool
samples,”! no study has been conducted to date on expression
analysis of verified fecal and plasma dysregulated microRNAs, in
tissue samples of CRC patients. In the present investigation, the
expression of miR-4478 and 1295-3p, as well as miR-142-3p and
miR-26a-5p (previously shown reduced expression of miRNAs in
stool and plasma samples of CRC patients, respectively)'*!> were



explored in FFPE samples of CRC patients compared to healthy
subjects. Finally, in the expression analysis study using qRT-
PCR, we demonstrated that the FFPE tissue levels of miR-4478
and miR-1295b-3p were significantly decreased in the patients
compared to the controls; however, there was no significant
difference in the expression levels of miR-142-3p and miR-26a-
5p between these two groups.

Studies have revealed that miR-4478 is able to bind to the
3’-UTR of class II histone deacetylases (HDACs),”? which
can act as a regulator of cell growth in the colon.® In addition,
overexpression of class Il HDACs has been observed in a number
of malignancies such as colorectal carcinoma.” Furthermore,
in a study on expression pattern of miRNAs in CRC conducted
by Slattery et al. (2011), decreased expression of miR-1295 was
reported in tissue samples of patients with colorectal cancer.

Presence of miRNAs in the stool sample may be probably due
to exfoliation of gastrointestinal tract cells,”® and their presence
in blood”” might be due to exiting exosomes containing miRNAs
from the cells of the digestive tract. Although working with blood
samples is more practical and easier, regarding the high leakage
of colonic epithelial cells (colonocytes) into the colon,? there is
the possibility of more accurate CRC diagnosis by investigating
stool samples.

According to the current findings, it might be hypothesized that
to implement non-invasive laboratory techniques for identifying
colorectal malignancies based on evaluating miRNAs expression,
stool samples appear to have a higher priority than blood samples
due to the similar miRNAs expression profile with the cancerous
tissue. However, a definitive viewpoint in terms of this finding
requires further complementary studies with more samples and
other identified fecal and circulating dysregulated miRNAs in
patients with colorectal carcinoma.
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